The coefficients of different combinations of terms of the liquid drop model have been determined by a least square fitting procedure to the experimental atomic masses. The nuclear masses can also be reproduced using a Coulomb radius taking into account the increase of the ratio R0/A 1/3 with increasing mass, the fitted surface energy coefficient remaining around 18 MeV. To predict the stability of new nuclides both in the superheavy element region and the regions close to the proton and neutron drip lines continuous efforts are still needed to determine the nuclear masses and therefore the binding energies of such exotic nuclei. Within a modelling of the nucleus by a charged liquid drop, semimacroscopic models including a pairing energy have been firstly developed to reproduce the experimental nuclear masses [1, 2] . The coefficients of the Bethe-Weizsäcker mass formula have been determined once again recently [3] . To reproduce the non-smooth behaviour of the masses (due to the magic number proximity, parity of the proton and neutron numbers,...) and other microscopic properties, macroscopic-microscopic approaches have been formulated, mainly the finite-range liquid drop model and the finite-range droplet model [4] . Nuclear masses have also been obtained accurately within the statistical Thomas-Fermi model with a well-chosen effective interaction [5, 6] . Microscopic Hartree-Fock selfconsistent calculations using mean-fields and Skyrme or Gogny forces and pairing correlations [7, 8] as well as relativistic mean field theories [9] have also been developed to describe these nuclear masses. Finally, nuclear mass systematics using neural networks have been undertaken recently [10] .
The nuclear binding energy B nucl (A,Z) which is the energy necessary for separating all the nucleons constituting a nucleus is connected to the nuclear mass M n.m by
This quantity may thus be easily derived from the experimental atomic masses as published in [11] since :
while the binding energy B e (Z) of all removed electrons is given by [12] B e (Z) = a el Z MeV. The fission, fusion, cluster and α decay potential barriers are governed by the evolution of the nuclear binding energy with deformation. It has been shown that four basic terms are sufficient to describe the main features of these barriers [13, 14, 15, 16, 17, 18] : the volume, surface, Coulomb and nuclear proximity energy terms while the introduction of the shell and pairing energy terms is needed to explain structure effects and improve quantitatively the results. Other terms have been proposed to determine accurately the binding energy and other nuclear characteristics : the curvature, A 0 , proton form factor correction, Wigner, Coulomb exchange correction,...energy terms [4] .
The purpose of the present work is to determine the coefficients of different combinations of terms of the liquid drop model by a least square fitting procedure to the experimentally available atomic masses [11] and to study whether nuclear masses can also be reproduced using, for the Coulomb energy, a radius which takes into account the small decrease of the density with increasing mass and to determine the associated surface energy coefficient. The theoretical shell effects given by the ThomasFermi model (7 th column of the table in [5] and [6] ) have been selected since they reproduce nicely the mass decrements from fermium to Z = 112 [19] . They are based on the Strutinsky shell-correction method and given for the most stable nuclei in the appendix. The masses of the 1522 nuclei verifying the two following conditions have been used : N and Z higher than 7 and the one standard deviation uncertainty on the mass lower than 100 keV [11] .
The following expansion of the nuclear binding energy has been considered
The nuclear proximity energy term does not appear since its effect is effective only for necked shapes but not around the ground state. The first term is the volume energy and corresponds to the saturated exchange force and infinite nuclear matter. In this form it includes the asymmetry energy term of the Bethe-Weizsäcker mass formula via the relative neutron excess I=(N-Z)/A. The second term is the surface energy term. It takes into account the deficit of binding energy of the nucleons at the nuclear surface and corresponds to semi-infinite nuclear matter. The dependence on I is not considered in the Bethe-Weizsäcker mass formula. The third term is the Coulomb energy. It gives the loss of binding energy due to the repulsion between the protons. In the BetheWeizsäcker mass formula the proportionality to Z(Z-1) is assumed. The pairing energy has been calculated using
The a p = 11 value has been adopted following first fits. Other more sophisticated expressions exist for the pairing energy [4, 6] . The sign for the shell energy term comes from the adopted definition in [5] . It gives a contribution of 12.84 MeV to the binding energy for 208 Pb for example. The curvature energy a k A 1/3 is a correction to the surface energy appearing when the surface energy is considered as a function of local properties of the surface and consequently depends on the mean local curvature. The a 0 A 0 term appears when the surface term of the liquid drop model is extended to include higher order terms in A −1/3 and I. The last but one term is a proton formfactor correction to the Coulomb energy which takes into account the finite size of the protons. The last term is the Wigner energy [4, 20] which appears in the counting of identical pairs in a nucleus, furthermore it is clearly called for by the experimental masses.
In Table 1 the improvement of the experimental data reproduction when additional terms are added to the three basic volume, surface and Coulomb energy terms is displayed when the nuclear radius is calculated by the formula R 0 =r 0 A 1/3 . The root-mean-square deviation, defined by :
has been used to compare the efficiency of these different selected sets of terms. To follow the non smooth variation of the nuclear masses with A and Z the introduction of the shell energy is obviously needed as well as that of the pairing term though its effect is smaller. The curvature term and the constant term taken alone do not allow to better fit the experimental masses while the proton form factor correction to the Coulomb energy and the Wigner term have separately a strong effect in the decrease of σ. When both these two last contributions to the binding energy are taken into account σ = 0.58 MeV which is a very satisfactory value [4, 8, 20] . The addition to the proton form factor and Wigner energy terms of the curvature energy or constant terms taken separately or together does not allow to improve σ. Furthermore, a progressive convergence of a k and a 0 is not obtained and strange surface energy coefficients appear. Due to this strong variation and lack of stability of the curvature and constant coefficient values it seems preferable to neglect these terms since the accuracy is already correct without them. Disregarding the last line a good stability of the volume a v and asymmetry volume k v constants is observed. The variation of the surface coefficient is larger but a s reaches a maximum of only 18 MeV. As it is well known the surface asymmetry coefficient k s is less easy to precise. Invariably r 0 has a value of around 1.22 fm within this approach.
For the Bethe-Weizsäcker formula the fitting procedure leads to
−0.72404
with σ=1.17 MeV. That leads to r 0 =1.193 fm and k v =1.505. The non dependence of the surface energy term on the relative neutron excess I explains the σ value. The formula R 0 =r 0 A 1/3 does not reproduce the small decrease of the density with increasing mass [20] . In previous works [13, 14, 15, 16, 17, 18 ] the formula
proposed in Ref. [21] for the effective sharp radius has been retained to describe the main properties of the fusion, fission, cluster and α emission potential barriers in the quasi-molecular shape path. It leads for example to r 0 =1. 13 The figure shows that the difference between the theoretical and experimental masses never exceeds 2.25 MeV and is less than 1.15 MeV when A is higher than 100. In the Generalized Liquid Drop Model [13, 14] the selected values are a v =15.494 MeV, a s =17.9439 MeV, k v =1.8 and k s =2.6. They are close to the ones given σ=0.60 MeV in table 2.
As a conclusion, the most important result is that it is possible to reproduce the nuclear masses in taken a realistic formula for the effective sharp radius given R 0 /A 1/3 =1.1 fm for the lightest nuclei and 1.18 fm for the heaviest ones while the surface energy coefficient remains around 18 MeV and the surface-asymmetry coefficient around 2.5. Besides the values of the volume, surface and Coulomb energy coefficients the accuracy of the fitting depends also strongly on the selected shell and pairing energies as well as on the proton form factor and Wigner energy terms. 
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